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SECTION  I 


INTRODUCTION  AND  SUMMARY 


An  Ocean-Bottom  Seismograph  Kurile  Islands  Experiment  was 
conducted  between  21  October  1966  and  16  December  1966  under  Contract 
F  33657-67-C-0105.  Objectives  of  the  experiment  were  to  determine  the 
operational  worthiness  of  the  Ocean-Bottom  Seismograph  (OBS)  and  to 
increase  knowledge  of  seismic  velocities,  epicenter  determinations,  micro¬ 
seisms,  and  seismicity  in  the  area  of  Interest.  Results  of  several  special 

analyses  are  presented  in  this  report.  Other  aata  are  found  in  special  reports 

,  ,  1, 2,3,4 

presented  under  this  contract. 

All  field  objectives  were  accomplished  as  planned  or  modified 
to  satisfy  field  conditions.  Specific  results  of  the  Kurile  Islands  experiment 
are  as  follows. 

•  OBS  units  are  reliable,  self-contained,  free-fall, 
remote-recall,  deep-ocean  instrument  pacxages. 

Fourteen  of  18  units  were  recovered,  and  13  re¬ 
corded  data  all  or  most  of  the  time.  Pressure  and 
vertical  data  were  excellent;  horizontal  data  were 
improved  but  still  showed  intermittent  resonance. 

Ability  of  each  unit  to  detect  and  record  seismic 
energy  is  illustrated  in  the  Preliminary  Bulletin 
and  its  accompanying  report. 

•  Five-ton  calibration  charges  can  be  packaged  at  sea 
and  successfully  deployed.  The  calibration  program 
was  completed  without  a  misfire. 

•  The  bathymetric  data  indicate  that  the  shelf  margin 
and  slope  areas  of  the  Ku.ile  trench  are  more 
complex  than  previously  mapped. 

•  Most  events  recorded  by  the  OBS  network  were  local 
or  nea  r- regional.  The  few  teleseismic  events  re¬ 
corded  were  located  in  selected  regions,  and  all  had 
computed  magnitude  (USC&cGS)  of  5.5  or  larger. 
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•  Usable  P  arrivals  from  5.2-ton  calibration 

n 

shots  propagated  from  0-2°  distance  (A)  with 
100-percent  probability  of  detection  by  the 
OBS  units,  from  2-4°  with  75-percent  proba¬ 
bility  of  detection,  and  beyond  4°  with  50- 
percent-or-less  probability. 

•  Weather  movements  correlated  with  noise- 
amplitude  fluctuations,  increasing  over  the 
whole  region  during  periods  if  adverse 
weather  (low-pressure  disturbances).  Noise 
variations  due  to  weather  were  so  dominant 
that  noise  differences  due  to  distance  from 
shore  or  local  topography  were  difficult  to 
define.  Mean  noise  levels  were  of  the  same 
order  of  magnitude  as  those  found  in  pre¬ 
vious  investigations  (150  mp  0-to-peak  in 
the  0.6-  to  1.4-sec  period  range). 

•  Analysis  of  first-arrival  data  from  the  17 
explosions  and  13  local  earthquakes  indicated 
an  average  crustal  velocity  of  5. 4  km/ sec 
and  a  mantle  velocity  of  8.  1  km/sec  in  the 
Kurile  region.  Lack  of  detailed  coverage 
prevented  determining  velocity  variations 

in  the  region. 

•  More  problems  were  caused  either  directly  or 
indirectly  by  foul  weather  than  any  other  factor; 

in  particular,  the  adverse  weather  hindered  launch 
and  recovery  procedures,  navigational  accuracy, 
and  communications. 


Contract  F  33657-67-C-0105  was  divided  into  five  tasks  — 
shallow- water  tests,  field  operations,  preliminary  data  review,  special 
analysis,  and  preventive  maintenance. 

Task  I  consisted  of  shallow-water  tests  near  Santa  Barbara, 
California,  in  September  1966.  Of  14  units  submerged  in  80  ft  of  water,  13 
were  either  fully  operational  or  required  minor  corrections.  One  unit 
surfaced  prematurely,  floated  inshore,  and  was  damaged  on  the  rocks. 
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In  addition  to  the  routine  tests,  two  special  tests  were  com¬ 


pleted.  One  test  used  a  Rustrak  dual-channel  recorder  placed  in  each  unit  to 
record  the  temperature  of  both  the  inside  surface  of  the  sphere  and  the  digital- 
clock  crystal,  providing  temperature  information  to  as se ss  clock  orift .  This 
test  sho'  ;d  that  the  change  in  crystal  temperature  lags  the  sphere  temperature 
change  by  approximately  1  hr. 

A  special  antenna  test  indicated  that  the  most  mechanically  re¬ 
liable  design  which  would  contribute  least  to  unwanted  motion  of  the  OBS  was  a 
48-ir..  fiberglass  whip  antenna  attached  to  a  hinged  spring- mounted  plate.  The 
antenna  folds  down  against  the  instrument's  side  when  the  unit  is  on  the  ocean 
floor  and  then  erects  vertically  when  the  unit  surfaces. 

Task  II  was  devoted  to  78  dr  s  of  field  operations  southeast  of 
the  Kurile  Islands.  There  were  two  field -operation  phases:  the  first  used  a 
13-unit  network  and  the  second  a  5-unit  network.  Of  the  13  units  launched 
during  the  first  operation  phase,  9  units  were  recovered.  All  5  units  launched 
during  the  second  operation  phase  were  recovered.  In  addition,  17  chemical 
explosions  ranging  in  size  from  1.0  to  5.2  tons  were  detonated. 

General  position  accuracy  was  estimated  '.o  be  ±2  mi.  Due  to 
generally  cloudy  skies,  only  one  star  fix  per  day  could  be  obtained.  While 
most  fixes  were  obtained  using  celestial  techniques,  radar  was  used  near 
island  positions.  Loran  data  were  poor  as  expected,  and  Omega  stations 
were  off  the  air  for  extended  periods  of  time.  This  lack  of  continuous  navi¬ 
gation  capability  hindered  the  operation  and  was  the  primary  limiting  factor 
throughout  the  experiment. 

Task  III  was  a  preliminary  data  review.  Analysis  of  data 
revealed  that  89  events  reported  by  USC&GS  were  recorded  by  the  network. 
Seventy  OBS  preliminary  epicenters  were  determined  from  the  data,  bringing 
the  total  number  of  associated  events  recorded  during  the  experiment  to  176 
including  USC&GS  epicenters  and  calibration  explosions.  In  addition,  200 
assumed  associated  events  were  determined,  with  the  number. of  stations 
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per  assumed  event  ranging  from  3  to  7.  The  majority  of  epicenters  recorded 
daring  the  268  days  of  instrument  recordings  are  loca  .d  on  the  northwest 
side  of  the  Kurile  trench. 

Special  analysis  comprised  Task  IV.  From  approximatelv 
6000  noise  samples  obtained,  the  stations  near  the  islands  appeared  to  have 
a  slightly  higher  noise  level  th'  .  those  stations  across  the  trench  to  the 
east.  Analyzed  to  determine  the  average  crustal  and  mantle  P-wave  velocities 
in  the  Kurile  region  were  data  from  17  explosions  and  13  local  earthquakes 
with  focal  depth  of  ^3  km.  Average  cruf.tal  P-wave  velocity  was  found  to  be 
5.4  km 'sec,  while  the  mantle  average  P-wave  velocity  was  0.  1  km/sec. 

Under  Task  V  —  preventive  maintenance  —  all  equipment 
underwent  routine  preventive  maintenance. 

A  summary  of  the  project  objectives  and  results  is  pre¬ 
sented  in  Appendix  B.  Because  of  contract  limitations  on  time  and  funds, 
not  all  tasks  were  completed.  . Appendix  B  indicates  how  much  was  completed 
on  each  objective.  As  indicated  in  the  appendix,  the  data  warrant  more 
special  analysis.  Also,  to  enable  identification  and  elimination  of  the 
resonant  problems  and  dead-channel  characteristic  of  the  horizontal  com¬ 
ponents,  improvement  studies  should  continue. 
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The  OBS  Kurile  Islands  Experiment  was  conducted  between 
21  October  1966  and  16  December  1966.  Program  objectives  were  to 
determine  the  operational  worthiness  of  the  OBS  and  to  analyze  the  data 
collected  in  order  to 

•  Prepare  a  preliminary  bulletin  which  would 
indicate  the  seismic  activity  within  the 
station  network 

•  Make  a  preliminary  estimation  of  the 
crustal  structure 

•  Estimate  the  probable  traveltime 
anomalies  and  Location  biases  for 
teleseismic  stations 

•  Study  the  noise  field  in  the  Kurile  region 

The  field  operations  were  conducted  in  two  phases.  In  Phase 
I,  13  units  were  launched  as  scheduled,  nine  were  recovered,  and  eight  were 
operated  all  or  most  of  the  time  they  were  or  the  bottom.  During  Phase  I, 

12  explosions  (six  1.  0-ton  and  six  5.2-ton)  were  fired.  The  Phase  II  network 
was  modified  from  13  to  five  units  because  of  adverse  weather  conditions. 

All  five  units  launched  during  the  second  phase  of  operations  were  recovered. 
In  Phase  II,  five  explosions  (one  1.5-ton  and  four  5.2-ton)  were  fired.  Tables 
II- 1  and  II- Z  list  pertinent  data  about  the  units  and  explosions,  respectively. 
Firure  II- 1  shows  the  operating  periods  for  each  unit  recovered  and  locates 
(in  time)  the  explosion  sequences.  Approximately  268  days  of  instrument 
recording  were  obtained  overall.  The  maximum  number  of  stations  re¬ 
cording  at  any  one  time  was  seven.  At  ’east  six  stations  were  recording 
during  all  explosions  of  Phase  I,  and  four  were  recording  during  all  explosions 
of  Phase  II.  Figure  II - Z  shows  the  unit  and  explosion  locations. 
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OCEAN-BOTTOM  SEISMOGRAPH  CALIBRATION  EXPLOSION  LOCATIONS,  KURILE  EXPERIMENT 
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Celestial  navigation  was  the  primary  means  of  navigation.  Position  accuracy  was  based  on  a  best 
estimate  from  review  of  operations  log  book  and  data  evaluation. 


Figure  II- 1,  Recording  Periods,  Kurile  Islands  Experiment 


EVENT  AND  SYSTEM  LOCATION  CHART 

KURILE  ISLANDS 
NORTH  PACIFIC  OCEAN 

MERCATOR  PROJECTION 
SCALE:  Based  on  Lot.  52°  30 
LEGEND: 
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SECTION  III 

PRELIMINARY  DATA  HANDLING 


All  data  were  transcribed  from  magnetic  tape  to  i6-mm  film. 
No  frequency  filtering  was  done,  but  the  X10  and  X100  channels  were  atten¬ 
uated  sufficiently  to  avoid  trace  overlapping.  A  total  of  268  complete  or 
partial  days  of  recording  was  transcribed. 

From  the  film,  timing  errors  due  to  both  misalignment  of 
the  recording  heads  and  digital  clock  drift  were  determined.  Head  misalign¬ 
ment  occurs  either  when  the  recording  heads  are  skewed  with  respect  to  the 
direction  of  tape  movement  or  when  the  two  head  banks  (Figure  III  - 1 )  are 
separated  by  an  incorrect  distance.  The  errors  were  determined  fro.xi  either 
amplifier  "shutoff"  pulses  or  daily  instrument- calibration  pulses  and  are 
referenced  to  the  clock  channel  (channel  14).  An  example  of  head-alignment 
error  is  shown  in  Figure  IH-2. 

Table  III-l  lists  the  errors  for  each  channel  for  each  unit  and 
shows  that  the  errors  were  less  than  ±0.9  sec,  except  for  the  channels  on 
recording  head  2  of  unit  10  (S4A).  This  head  was  separated  from  recording 
head  1  by  an  incorrect  amount,  causing  a  +7. 2-sec  error. 

The  station  reset  t.mes  (i.e.,  0-time  on  the  digital  clock) 
were  obtained  by  reading  the  WWV  trace  recorded  on  the  pressure  channel 
and  then  applying  the  appropriate  correction  needed  to  compensate  for  head 
misalignment.  If  the  WWV  trace  could  not  be  read,  field  logs  were  used 
to  obtain  the  reset  time. 

Digital  clock  drifts  were  determined  by  comparing  the  total 
recording  time  indicate  by  the  digital  clock  with  the  actual  recording  time 
(the  difference  between  the  WWV  times  recorded  on  the  tape  at  reset  and 
shutoff). 
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Channel  14  -  Clock 
Channel  12  -  Y  x  100 

Channel  10  -  X  x  100 

Channel  8  -  P  x  100 
Channel  6  -  Z  x  100 
Channel  4  -  Y  x  1 

Channel  2  -  X  x  1 


-1 .  5  in.« 


Channel  13 

-  P  x  1 

Channel  11 

-  Z  x  1 

Channel  9 

-  Y  x  10 

Channel  7 

-  12. 5  Hz 

Channel  5 

-  X  x  10 

Channel  3 

-  P  x  10 

Channel  l 

-  Z  x  10 

/S/SS/SS  MOUNTING  PLATE  /  //  S/  //  SS/ 


P  -  Pressure  Transducer 
Z  -  Vertical  Seismometer 


X  -  First  Horizontal  Seismometer 
Y  -  Second  Horizontal  Seismometer 


Figure  III- 1 .  Physical  Channel  Location  on  Top  of 
Recording  Heads  on  Tape  Recorder 


Figure  III- 2 .  Example  of  Timing  Errors  Due  to  Head  Misalignment 
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CORRECTED  UNIT-RESET  TIMES  AND  CHANNEL- HEAD- ALIGNMENT  ERRORS 
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Table  III- 1  lists  the  clock  drifts  for  all  units  except  13(S10A) 
and  16  (S4)  for  which  drifts  could  not  be  obtained.  Drifts  were  small  except 
for  units  19  (37)  and  20 (S3A),  which  had  -5.  3-sec  and  -3.  0-sec  errors, 
respectively.  Corrections  for  clock  drifts  were  made,  assuming  that  the 
drift  was  linear  over  the  recording  period. 

WWV  times  were  obtained  by  adding  the  corrected  reset  time 
to  the  digital  clock  times  and  subtracting  the  appropriate  clock  drift  and 
channel- head-alignment  errors.  The  errors  given  in  Table  III-  1  were  applied 
in  preparing  the  Preliminary  Bulletin. 
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SECTION  IV 
DATA  ANALYSIS 


A.  PREPARATION  OF  PRELIMINARY  BULLETIN 

The  first  task  in  the  data  analysis  was  to  prepare  a  prelimi¬ 
nary  bulletin  reporting  all  arrivals  observed  during  the.  recording  period. 
Details  of  the  bulletin  preparation  are  presented  in  the  Preliminary  Bulletin."* 
A  total  of  3188  station  events  was  observed:  320  were  associated  with  89 
USC&GS  preliminary  epicenters,  87  were  associated  with  the  17  explosions, 
364  were  used  to  locate  70  preliminary  epicenters  from  OBS  data  alone,  741 
were  associated  with  200  assumed  events  for  which  epicentral  locations  were 
not  obtained  either  due  to  insufficient  data  or  due  to  divergence  while  attempt¬ 
ing  to  determine  the  epicenter,  and  1676  were  classed  as  unassociated  events. 

B.  VELOCITY  STUDY 

To  determine  P-wave  velocities  in  the  Kurile  region,  data 
from  the  17  explosions  and  from  13  local  earthquakes  with  focal  depth  of 
33  km  were  analyzed. 

For  the  explosion  data,  an  attempt  was  made  to  construct 
several  profiles  which  were  either  parallel  or  perpendicular  to  the  Kurile 
trench,  but  available  data  were  insufficient.  Consequently,  all  the  explosion 
data  were  used  to  determine  average  crustal  and  mantle  P-wave  velocities 
in  the  region. 
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Table  IV- 1  Lists  the  explosions  and  the  units  at  which  arrivals 
were  picked.  Arrivals  generally  could  be  picked  to  within  ±1.0  sec;  but  some 
arrivals  had  emergent  onsets,  and  larger  errors  in  these  arrival  times  are 
likely.  After  a  preliminary  scanning  of  the  data,  traveltimes  were  corrected 
as  follows. 


•  It  was  assumed  that  there  was  a  uniform  2.  0-km  layer 
of  unconsolidated  sediments  over  the  whole  region.  This 
assumption  was  based  on  the  work  of  Kosminskaya  et  al,  ® 
who  gave  a  contour  map  of  the  depth  to  the  top  of  the  con¬ 
solidated  sediments  and  indicated  that  in  the  South  Kurile 
region  the  contours  agreed  grossly  with  the  bottom  topog¬ 
raphy.  Also,  assuming  a  uniform  thickness  makes  it  un¬ 
necessary  to  know  the  velocity  structure  in  the  unconsoli¬ 
dated  sediments  (whicn  is  not  well-known),  as  the  travel- 
times  in  the  unconsolidated  layer  would  be  essentially  the 
same  at  each  station. 

•  For  units  less  than  1.0°  from  the  shot,  first  arrivals 
were  assumed  to  be  refracted  along  the  top  of  the  con¬ 
solidated  crust.  Thus,  the  traveltime  in  water  beneath 
the  shotpoint  was  computed  (using  a  velocity  of  1.5  km/sec) 
and  subtracted  from  the  observed  traveltime  to  remove 
variations  in  water  depth. 

•  For  units  between  1.  0°  and  6.  1°  from  the  shot,  first 
arrivals  were  assumed  to  be  refracted  along  deeper 
interfaces.  A  datum  plane  of  8.  4  km  below  sea  level 
(i.  e.  ,  the  deepest  water  depth)  was  chosen,  and  the 
traveltimes  in  the  water  beneath  the  shot  and  in  the 
consolidated  sediments  beneath  both  the  shot  and  seis¬ 
mometer  were  computed  and  subtracted  from  the  ob¬ 
served  traveltimes.  The  vertical  depth  rather  than 
the  true-refract’ jn  path  was  used  to  correct  the  travel¬ 
time  in  water.  However,  the  error  resulting  from  this 
simplification  is  small.  Using  normal  techniques  for 
refraction  corrections,  errors  would  be  no  more  than 
0.  3  sec. 

•  Beyond  6.  1°  first  arrivals  appeare  to  have  propagated 
in  the  upp^r  mantle  and  were  net  considered. 
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Table  IV- l 

CORRECTED  TRAVELTIMES  FOR  THE  EXPLOSION  DATA 


Explosion 

Water 

Explo-  Corr. 


sion 

Unit 

A  _ 

(sec) 

E7 

S4 

0.  5 

2.8 

S7 

1.3 

2.8 

S9 

2.  9 

2.8 

511 

3.  5 

2.8 

S10 

4.  1 

2.8 

S12 

4.8 

2.8 

E5 

S7 

0.8 

5.  4 

S9 

1.  4 

5.  4 

S4 

1.9 

5.4 

Sll 

2.  4 

5.  4 

S10 

2.6 

5.  4 

S12 

3.4 

6.  4 

S 13 

3.7 

5.  4 

E6 

S9 

1.7 

3.2 

S7 

1.9 

3.2 

S10 

2.0 

3.  2 

S4 

2.7 

3.  2 

Sll 

3.  1 

3.2 

S 12 

3.8 

3.2 

S 13 

4.4 

3.  2 

E4 

S9 

0.9 

2.9 

Sll 

1.  1 

2.  9 

S7 

1.2 

2.  9 

S 13 

2.  •* 

2.9 

S4 

2.7 

2.9 

E2 

Sll 

0.  2 

2.7 

S9 

1.3 

2.  7 

S 1 3 

1.5 

2.7 

S7 

2.  1 

2.  7 

E7A 

S4A 

0.5 

1.7 

35A 

1.4 

1.  7 

S10 

4.  1 

1.  7 

E14 

S5A 

1.  3 

4.8 

S10 

2.3 

4.  8 

S1A 

3.5 

4.8 

E5A 

S  i  A 

1.3 

5.  5 

S5A 

1.4 

5.  5 

S1A 

3.8 

5.  5 

Explosion 

Unit 

C-ustal 

Crustal 

T  otal 

Corr. 

Corr. 

Corr. 

_(3ec) 

(cec) 

(sec) 

0.  0 

0.  0 

2.8 

0.  4 

0.  6 

3.8 

0.  4 

0.  1 

3.  3 

0.  4 

0.  5 

3.7 

0.4 

0.  1 

3.  3 

0.4 

0.  2 

3.4 

0.  0 

0.  0 

5.4 

O 

• 

o 

0.  1 

5.  5 

0.  0 

1.0 

6.  4 

0.  0 

0.  5 

5.9 

0.  0 

0.  1 

5.  5 

O 

• 

O 

0.  2 

5.6 

0.  0 

0.  6 

6.  0 

0.  2 

0.  0 

3.4 

0.  2 

0.6 

4.  0 

0.  2 

0.  1 

3.  5 

0.  2 

1.  0 

4.4 

0.2 

0.  5 

3.9 

0.2 

0.  2 

3 . 6 

0.2 

0.  6 

4.0 

0.  0 

0.  0 

2.9 

0.3 

0.  5 

3.7 

0.  3 

0.  6 

3.8 

0.3 

0.  6 

3.8 

0.  3 

1.0 

4.  2 

0.  0 

0.  0 

2.7 

0.4 

0.  i 

3.2 

0.  4 

0.6 

3.  7 

0.4 

0.6 

3.  7 

0.  0 

O 

• 

o 

1.  1 

0.  6 

0.  1 

2.  4 

0.  6 

0.  1 

2.4 

0.  0 

0.  1 

4.9 

0.  0 

0.  1 

4.9 

0.  0 

0.8 

5.  6 

0.  0 

0.9 

6.4 

0.  0 

0.  0 

5.  5 

0.  0 

0.8 

6.  3 

T  raveltirne 
Observed 
(sec) 

Corrected 

T  raveltime 
(sec) 

14.  1 

11.3 

27.9 

24.  1 

48.  3 

45.  0 

57.4 

53.7 

68.  6 

65.  3 

72.  5 

69.  1 

21.2 

15.8 

27.  3 

21.8 

36.8 

30.4 

40.9 

35.0 

43.6 

38.  1 

54.  0 

48.4 

59.  0 

53.0 

27.0 

23.6 

32.  2 

28.2 

33.6 

30.  1 

40.  0 

35.6 

46.2 

42.3 

55.  0 

51.4 

67.  9 

63.9 

19.2 

16.3 

20.7 

17.0 

25.  3 

21.5 

38.9 

35.  1 

46.  1 

41.9 

3.  5 

0.8 

24.7 

21.5 

22.  7 

19.  0 

34.7 

31.0 

12.  1 

10.4 

27.  4 

25.0 

65.  9 

63.  5 

25.  3 

20.4 

44.  9 

40.  0 

55.  0 

40.  4 

29.  6 

23.2 

24.  2 

18.  7 

63.  9 

57.  6 
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Table  IV-  i  (Contd) 


Explosion  Explosion  Unit 

Water  Crustal  Crustal  Total  Traveltime  Connected 


Explo- 

Corr. 

Corr. 

Corr. 

Corr. 

Observed 

Traveltime 

:on 

Unit 

A 

(sec) 

(sec) 

(sec) 

(sec) 

(sec) 

(sec) 

Sll 

0.5 

3.8 

0.  0 

0.  0 

3.8 

ll.8 

8.  0 

S9 

1.2 

3.8 

0.  1 

0.  1 

4.0 

23.0 

19.  0 

S13 

1.6 

3.8 

0.  1 

0.6 

4.  5 

32.  0 

27.  5 

S7 

2.3 

3.8 

0.  1 

0.6 

4.  5 

45.  2 

40.  7 

E2A 

Sll 

0.2 

2 . 4 

0.  0 

0.  0 

2.4 

5  3 

2.9 

S9 

1.3 

2.4 

0.4 

0.  1 

2.9 

24.9 

2?.  0 

S13 

1.  5 

2.4 

0.4 

0.  6 

3.4 

24.3 

20.9 

S7 

2.  1 

2.4 

0.4 

0.  6 

3.4 

35.7 

32.  3 

S10 

2.9 

2.4 

0.4 

0.  1 

2.9 

46.0 

43.  1 

S4 

3.6 

2.4 

0.4 

1.  0 

3.8 

54.6 

50.8 

El 

S13 

0.7 

2.2 

0.0 

0.  0 

2.  2 

12.  9 

10.7 

Sll 

0.8 

2.  2 

0.  0 

0.  0 

2.  2 

15.6 

13.4 

S9 

2.  1 

2.2 

0.  5 

0.  1 

2.8 

34.7 

31.9 

S7 

3.0 

2.? 

0.  5 

0.6 

3.3 

39.6 

36.3 

El?, 

S5A 

0.4 

3 .  '1 

0.  0 

0.  0 

3.  3 

10.6 

7.3 

S1A 

2.9 

3.  3 

0.2 

0.3 

4.3 

43.  0 

43.7 

S10 

3.  1 

3.  3 

0.2 

0.  1 

3.6 

43.3 

39.7 

£13 

S4A 

1.3 

5.  3 

0.0 

1.0 

6.3 

29.  2 

22.9 

S7A 

1.7 

5.  3 

0.0 

0.9 

6.2 

33.  5 

27.3 

S1A 

2.4 

5.3 

O.C 

0.8 

6.  1 

43.9 

37.8 

S10 

3.  5 

5.  3 

0.0 

0.  1 

5.4 

60.4 

55.  0 

Ell 

S7 

2.  7 

2.7 

0.4 

.  6 

3.7 

45.2 

41.5 

S9 

4.0 

t*m  t 

0.4 

0.  1 

3.2 

62.  2 

59.  0 

Sll 

4.9 

2.7 

0.4 

0.  5 

3. 

74.7 

71.  1 

S12 

6.  1 

2.7 

0.4 

0.  2 

3.  3 

89.  5 

86.  2 

EO 

S4 

1.  1 

2.8 

0.3 

1.0 

4.  1 

22.9 

18.8 

S7 

2.2 

2.8 

0.3 

0.6 

3.7 

38.7 

35.  0 

S9 

3.7 

2.8 

0.  3 

0.  1 

3.  ? 

56.8 

53.6 

E10 

S4 

1.8 

3.8 

0.  1 

1.0 

4.9 

33.  1 

28.  2 

S7 

2.3 

3.8 

0.  1 

0.  6 

4.  5 

39.  1 

34.6 

S9 

3.4 

3.8 

0.  0 

0.0 

3.8 

52.7 

48.9 

Sll 

4.4 

3.8 

0.  1 

C.  5 

4.4 

67.4 

63.  0 

SI?. 

5.5 

3.8 

0.  1 

0.  2 

4.  1 

81.  1 

77.  0 

S13 

5.7 

3.8 

0  1 

0.6 

4.  5 

85.2 

80.8 

E8 

S4 

0.9 

3.7 

U.  0 

0.  0 

3.7 

22.  0 

18.3 

S7 

1.4 

3.7 

0.  1 

0.  6 

4.4 

29.3 

24.9 

S9 

2.8 

3.7 

0.  1 

0.  1 

3.9 

47.  1 

43.  2 

Sll 

3.6 

3.7 

0.  1 

0.  5 

4.3 

58.7 

54.4 

S10 

3.8 

3.7 

0.  1 

0.  1 

3.9 

61.4 

57.  5 

S12 

4.8 

3.7 

0.  1 

0.  2 

4.  0 

74.  3 

70.3 
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Figures  IV-1  and  IV-2  show  least-squares  fits  of  the 
two  sets  of  data  and  give  P-wave  velocities  of  5.4  km/sec  for  the  con¬ 
solidated  crust  and  8.  1  km/sec  for  the  mantle.  No  intermediate  layers 
appear  to  be  defined  by  the  first-arrival  data.  The  data  in  both  figures 
show  substantial  scatter  (the  standard  deviations  are  1.5  and  2.5  sec, 
respectively),  which  should  be  expected  because  of  the  emergent  nature 
of  some  arrivals  and  because  no  corrections  have  been  made  for  dipping 
interfaces  or  variations  in  the  thickness  of  unconsolidated  sediments. 
However,  results  are  consistent  with  average  velocities  found  by 
Kosminskaya  and  with  those  from  the  earthquake  data. 

The  intercept  times  are  -1.5  sec  for  Figure  IV-1  and 
3.3  sec  for  Figure  IV-2.  Ideally,  the  intercept  for  Figure  IV-1  would 
be  0.0  sec;  the  error  is  about  one  standard  deviation,  which  is  essen¬ 
tially  the  accuracy  of  the  data.  The  standard  deviation  for  Figure  IV-2 
is  almost  as  large  as  the  intercept  time.  However,  the  3.3-sec  intercept 
yields  a  depth  to  the  Moho  discontinuity  of  about  18  km,  which  is  reason¬ 
able  for  combined  ridge  and  oceanic  data. 

Table  IV-2  lists  the  earthquakes  used  in  the  analysis. 

The  events  were  divided  into  two  groups:  those  to  the  south  of  the  region 
and  those  to  the  „orth.  Two  events  which  occurred  in  the  northern  end 
of  the  network  were  included  with  the  northern  earthquakes.  Only 
arrivals  at  the  seismometers  on  the  island  side  of  the  trench  were 
plotted  in  Figures  IV- 3  and  IV-4  so  that  an  approximate  reverse  pro¬ 
file  could  be  obtained.  The  seismometers  on  the  ocean  side  of  the 
trench  were  not  included  because  of  their  large  offset  from  the  refraction 
line  and  because  arrivals  would  have  to  cross  the  trench  structure  diag¬ 
onally,  which  could  L-use  large  time- residual? . 
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ime-Distance  Plot,  Events  Between  1.0  and  fc.  1  Epicentral  Distance,  Explosion  Data 


Figure  IV-3.  Time-Distance  Plot,  Southern  Profile,  Earthquake  Data 
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Table  IV-2 


TRAVELTIMES  FOR  THE  EARTHQUAKE  DATA 


Are* 

Date 

(l%4) 

Location 

U»I 

Depth 

(km) 

B 

Travel* 

time 

(>ec) 

Un*l 

Orig>  Ti-.ie 

Lat. 

Long. 

Harm  hatka 

10/29 

00:46:48.  7 

51.  I*N 

154. l‘C 

bi 

13 

1*1 

68.  7 

sn 

00:4  5:40.0 

00:46:53.  5 

71.  5 

S12 

00:4  7.06.2 

86.2 

si: 

00-47:21. 6 

101.6 

S9 

00-47:33.  1 

Bs. 

111.  1 

S7 

Kurile  la. 

11/6 

0J:M:2I.  > 

45. 7°N 

151. 0’E 

H 

33 

.  7 

10.8 

S7 

01:50:11.0 

03:50:33. 7 

1.6 

22.  7 

SU 

03:50:42.4 

mSM 

11.4 

S4 

03:50:51. 9 

40.9 

Sll 

01:50:49. 3 

Btfl 

18.1 

S12 

Kurile  1*. 

11/12 

17:34:13  4 

45. 1 °N 

151.  7°E 

4.  8 

33 

■9 

21.4 

S7 

17:11:52.0 

17:3*0 8. J 

.  9 

16.1 

S9 

!  15.  5 

1.  7 

21.5 

Sll 

1  »:32.  3 

2.3 

40.1 

S4 

1  7:34:32.  1 

2.  5 

40.  1 

sio 

17:34:33.  7 

3  0 

41.7 

Sll 

Kurile  la. 

11,12 

20:44:10.  0 

46.  6°N 

151. 7°E 

4.  8 

33 

.  5 

8.  7 

Sll 

20:44 :01. 1 

20:44:24.8 

1.  7 

23.5 

S9 

20:44:44.  5 

2.  7 

43.2 

S7 

20:4 a:42.  2 

3.0 

40.  9 

sio 

20:45.01.  7 

4.  1 

60.4 

S4 

Kurile  1.'. 

11/12 

19:27:15.  8 

46.  2°N 

153. 6*E 

4.4 

33 

.  5 

10.8 

Sll 

19:27:05.0 

19:27:30.  6 

1.3 

25.6 

S9 

19:27:47.  9 

2.  7 

42.  9 

S10 

l-  2  7:49.  9 

2.4 

44.9 

57 
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PROFILE  - - -  1- - NORTHERN  PROFILE 


In  ail  cases,  first  arrivals  were  well-defined  and  could  be 
picked  to  within  ±1.0  sec.  A  datum  of  3.0  km  below  sea  level  (depth  of  S-ll, 
the  deepest  island- side  seismometer)  was  chosen,  and  crustal  corrections 
were  computed  as  above.  Howev-:r,  all  corrections  were  less  than  0.65  sec, 
so  the  data  were  plotted  without  adjustment;  i.  e.  ,  the  maximum  correction 
would  be  for  the  shallowest  seismometers  (S4  and  S4A),  which  are  1420  fm 
(2.6  km)  above  the  datum.  Using  a  crustal  velocity  of  5.4  km/sec  and  a 
Moho  velocity  of  8.  1  km/sec; 


T 


2.6 


/  ■  5*4i 

cos  (arc  sin  - — -  ) 
0*1 


5.  4 


0.65  sec 


Thus,  the  corrections  are  small  with  respect  to  cumulative 
errors  of  timing  and  those  associated  with  earthquake  locations. 


Figures  IV-3  and  IV-4  show  least-squares  fits  to  the  southern 
and  northern  profiles,  respectively.  No  intermediate  refractors  are  indicated. 

In  Figure  IV-3,  the  traveltime  points  from  earthquakes  11  and 
13  fall  above  the  straight-line  fits,  while  those  from  earthquakes  2,  4,  5,  7, 
and  10  are  below  straight-line  fit.  A  time-intercept  difference  of  about  8  sec 
is  observed  when  the  two  sets  of  timepoints  are  fitted  independently.  Since 
stations  S4  and  S4A  occupy  essentially  the  same  location  and  the  time  anomaly 
for  the  two  sets  of  earthquakes  is  observed  at  this  location,  it  appears  that 
the  anomaly  must  be  associated  with  the  sources.  Consequently,  arrival 
times  from  several  additional  earthquakes  which  occurred  in  the  same  region 
but  at  depths  between  41  and  127  km  were  plotted  (Figure  IV-5).  All  points 
form  groups  with  the  earthquakes  below  the  line.  Thus,  it  appears  that  one 
of  the  parameters  (epicenter,  depth,  or  origin  time)  associated  with  earth¬ 
quakes  11  and  13  is  in  error.  An  erroneous  epicentral  location  appears  to 
be  most  likely,  since  an  error  of  50  to  75  km  (which  is  about  the  accuracy 
quoted  by  the  USC&GS)  would  give  the  observed  delay. 
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Figure  IV-5.  Time-Distance  Plot  Showing  Southern-Profile  Earthquakes  and 
Deeper-Focus  Earthquakes  from  the  Same  Region 
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A  least-squares  fit  was  not  done  for  Figure  IV-5,  because  the 
earthquake  depths  are  such  that  the  travel  paths  would  be  in  the  upper  mantle 
rather  than  along  the  Moho.  Also,  the  86-km  uepth  range  is  large  enough  that 
the  arrivals  would  have  different  travel  paths. 

The  least-squares  fif  shown  in  Figure  IV-3  was  recomputed,  ex¬ 
cluding  the  data  from  earthquakes  11  and  13.  The  resulting  traveltime  equation 
was 


The  standard  deviation  was  0,9  sec,  however,  it  should  be  noted  that  only  nine 
points  were  used  for  the  line  fit.  In  Figure  IV-4,  considerable  scatter  can  be 
seen.  Also,  arrivals  from  more  than  4.5°  away  appear  to  have  propagated  in 
the  upper  mantle  and,  therefore,  are  excluded.  The  least- squares  fit  gave  a 
velocity  of  7.8  km/sec,  an  intercept  of  4.4  sec,  and  a  standard  deviation  of 
4.  1  sec.  Combining  the  northern  and  southern  velocities  gives  a  Moho  velocity 
of  8.  1  km/sec,  which  is  the  same  as  that  obtained  from  the  explosion  data.  Uiing 
the  5.6-sec  intercept  time  for  the  southern  profile,  a  layer  ove  -  half-space  mod¬ 
el,  and  adjusting  for  the  fact  the  ray-paths  have  only  one  crustal  leg,  a  Moho 
depth  of  approximately  41  km  in  the  area  of  the  stations  was  found.  This  depth 
estimate  is  considerably  higher  than  founded  for  the  explosion  data,  and  is  prob¬ 
ably  less  reliable  because  of  the  uncertainties  associited  with  the  earthquake 
hypocenters  (especially  depth).  Because  of  the  large  standard  deviation  for  the 
northern  profile,  no  depth  calculation  was  made. 

The  "normal"  upper-mantle  velocity  obtained  from  both  explo¬ 
sion  and  earthquake  data  suggests  that,  unless  an  unusual  velocity  structure  ex¬ 
isted  below  the  Moho,  no  severe  traveltime  anomalies  would  be  obtained  for 
earthquakes  from  the  southern  Kurile  region 
C.  NOISE  STUDY 

Standard  visual  techniques  were  used  to  reduce  the  noise  data.  The 
maximum  zero-to-peak  noise  amplitude  (in  milli  neters)  during  the  first  minute 
after  each  GCT  hour  was  read  on  the  S10  vertical  channel  for  each  unit. 
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When  an  event  occurred  in  the  first  minute  after  a  GCT  hour, 
the  second  c.'  third  minute  was  used  to  obtain  the  noise  measurement.  The 
corresponding  half -period  {to  the  nearest  0.  1  sec)  was  obtained  also,  and 
the  reac.ng  was  converted  to  ground  motion  in  millimicrons  using  the  OBS 
syste.  amplitude  response. 

Preliminary  analysis  showed  that  changes  in  noise  amplitude 
were  gradual,  so  readings  were  plotted  only  ev-„ry  6  hr.  Also,  because  of 
the  rapid  variation  in  system  response  over  the  period  range  (0.6  to  1.4  sec) 
where  measurements  were  taken,  the  6-hr  readings  were  smoothed  U3ing  a 
1/4,  1/2,  1/4  operator.  This  prevented  excessive  variations  in  ground-motion 
values  due  to  small  changes  in  period  (which  was  only  read  to  0.2  sec). 

Figures  IV-6  through  IV-8  show  the  variations  of  noise  ampli¬ 
tudes  with  time.  Estimates  of  the  barometric  pressure  at  the  approximate 
center  of  the  array  (45°N  151  °E)  are  included.  The  estimates  were  obtained 

from  weather  maps  and  readings  made  on  the  ship. 

During  Phase  I,  several  periods  of  high  microseismic  activity 
were  apparent.  Between  27  and  30  October  1966,  noise  levels  increased  at 
all  units,  although  the  increase  was  much  less  pronounced  for  units  on  the 
seaward  side  of  the  iCurile  trench.  Increases  also  occurred  between  1  i  a..d 
15  November,  17  and  19  November,  and  on  22  November  1966  (again,  less 
distinctly  on  the  seaward  seismometers).  Unit  24  (SIC)  also  showed  increases 
between  26  and  29  November  1966  and  on  30  November  and  2  December  1966. 
During  periods  of  high  microseismic  activity,  low  barometric  pressures 
were  observed  in  the  region. 

During  Phase  II,  similar  results  were  observed,  although 

unit  2i  (&7A)  appeared  somowhat  erratic.  Thus,  the  previously  observed 

6 

correlation  bet  /een  weather  conditions  and  noise  level  can  again  be  seen. 
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Table  IV- 3  lists  the  average  noise  amplitude  at  each  unit. 

The  large  standard  deviations  reflect  the  effect  of  weather  on  the  noise  levels. 
There  is  considerable  variation  in  the  average  level  from  unit  to  unit,  which 
suggests  that  local  bottom  conditions  influence  the  noise  levels  observed. 
However,  because  of  the  large  variations  due  to  weather  conditions,  larger 
samples  would  be  needed  to  establish  definitely  the  effect  of  local  conditions. 


Table  IV- 3 

AVERAGE  NOISE  AMPLITUDE  AT  EACH  STATION 


Station 

No. 

Average 

Amplitude 

(nm) 

No.  of 
Readings 

Standard 

Deviation 

Comments 

S7 

129 

120 

82 

S13 

92 

80 

45 

Phase  I,  Island  Side 

Sll 

238 

109 

104 

of  Kurile  Trench 

S4 

136 

115 

117 

SI 

174 

56 

194 

S9 

68 

118 

26 

S10 

152 

115 

60 

Phase  I,  Seaward 

S12 

95 

60 

47 

Side  of  Kurile  Trench 

S1A 

162 

66 

103 

S3A 

102 

30 

40 

S5A 

288 

33 

203 

Phase  II 

S4A 

102 

69 

69 

S7A 

2'73 

63 

151 
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ABSTRACTS  FROM  SPECIAL  REPORTS 

Three  special  reports  and  a  preliminary  bulletin  were  written 
under  Contract  F33657-67-C-0105.  Abstracts  of  each  report  appear  in  this 
appendix. 

Special  Report  No.  1 

Field  Operations  and  Ocean-Bottom  Seismograph  Performance  and  Evaluation, 
Kurile  Islands  Experiment 

A  shallow-water  test  program  and  a  deep-water  operational 
program  were  conducted.  The  3hallow-water  tests  environmentally  checked 
the  performance  of  14  units  which  were  not  tested  under  the  previous  contract. 
Special  tests  of  antenna  design  and  temperature  measurements  were  included. 

Of  the  14  units  checked,  13  were  either  fully  operational  or  required  minor 
corrections.  One  unit  surfaced  prematurely,  floated  inshore,  and  was  damaged 
on  the  rocks.  The  unit  was  repaired  under  a  new  contract. 

Deep-water  tests  were  conducted  adjacent  to  ;he  Kurile  Islands 
Arc  to  evaluate  the  seismicity  of  the  area  and  the  operational  worthiness  of  the 
OBS  and  auxiliary  equipment.  Results  of  the  seismicity  study  are  summarized 
in  a  bulletin  which  is  presented  separat^y.  Of  18  units  dropped,  14  were 
recovered;  of  the  14  recovered.  recorded  for  all  or  most  of  the  time.  The 
one  unit  which  did  not  record  was  dropped  to  a  depth  greater  than  design  spec¬ 
ifications.  The  great  pressure  permanently  distorted  the  sphere,  pushing  the 
shell  against  the  recorder  to  prevent  operation.  However,  this  unit  can  be 
repaired.  In  general,  the  auxiliary  equipment  performed  to  manufacturers' 
specifications.  The  greatest  problems  were  caused  by  the  weather  and  the  area 
of  operations. 
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Special  Report  No.  2 

Explosion  Program,  Kurile  Islands  Experiment 

This  report  details  the  procedures  developed  for  the  explosion 
program  and  gives  the  reliability  of  the  calibration  program.  The  explosive 
used  was  120,000  lb  of  high-energy  composition  B  packed  in  50-lb  cubical  cans, 
which  was  shot  in  ten  5.2-ton,  six  1-ton,  and  one  1 ,  5-ton  packages .  These 
charges  were  exploded  in  a  network  designed  to  provide  optimum  recording  on 
the  ocean-bottom  instruments  and  minimum  damage  to  marine  life.  The  shots 
were  restricted  to  the  following  conditions:  daylight  hours,  2  mi  or  more  from 
any  approaching  vessel,  a  minimum  of  1300  fm  of  water  depth,  and/or  more 
than  100  km  from  land. 

The  operational  procedure  gave  good  data  results. 

The  ship's  rigging  contributed  greatly  to  the  program's  success. 
An  A-frame  and  crane  combination  is  recommended  for  future  operations. 

Special  Report  No.  3 

Bathymetry  Program,  Kurile  Islands  Experiment 

A  bathymetric  survey  was  conducted  as  a  part  of  the  Kurile 
Experiment  (Ocean-Bottom  Seismographic  Experiments,  Contract  F33657-67- 
C-0105).  Since  the  primary  efforts  of  the  experiment  were  directed  toward  the 
Ocean-Bottom  Seismograph  and  Explosive  Program,  the  method  used  during  the 
bathymetric  survey  was  appropriate  but  not  optimum.  Bathymetric  data  were 
very  good  and  were  as  reliable  as  navigation  would  permit.  However,  the  profile 
coverage  was  generally  too  sparse.  The  conclusion  is  that  observations  of  depth 
values,  OBS-environmental  relations,  and  overall  bathymetry  are  valid  within 
navigational  limits. 

Preliminary  Bulletin,  Kurile  Islands  Experiment 

An  Ocean-Bottom  Seismograph  (OBS)  field  experiment  was 
conducted  during  the  months  of  October,  November,  and  December  1966 
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in  the  Kurile  Islands  region.  Data  recorded  by  a  total  of  14  units  are  presented. 

Recorded  during  the  experiment  were  176  associated  events,  including  89  USC&GS 

reported  events,  70  OBS  preliminary  epicenters  and  17  calibration  explosions 

detonated  during  the  experiment.  In  addition,  200  assumed  associated  events 

were  determined,  with  the  number  of  stations  per  assumed  event  ranging  from 

« 

three  to  seven.  These  data  are  presented  in  standard  bulletin  format. 
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Teaks 

- - 

Status 

Results 

Re  ommendatuma 

■ 

c 

Install  and  operate  a  temporary 
network  of  12  to  IS  ocean- bottom 
seismographs  for  approximately 

2  mo  during  the  tell  of  1966. 

Fieat  efray  of  11  instruments 
we*  dispersed  ie  planned. 

Second  array  was  modified  and 

Nine  instrument*  from  the  first  erray 
were  recovered. 

All  instruments  from  the  »e<  ond  arrey 
were  recovered. 

Navigational  techniques  must  ba  improvad 
for  future  operations  and  should  include, 
in  addition  to  Omega,  Loran  C  and  ae’elite 
navigetion  equ.pment. 

Lerge  calibration  cherges  should  be 
esaembled  in  prepackaged  containers. 

A  controlled  experiment  should  be  con¬ 
ducted  to  determine  t^e  validity  of  using 

2  2 

U  s 

Conduct  a  series  of  10  to  1 0 
large  chemical  explosions 
(1  to  3  tons)  >n  the  area  to 
caltb.  ate  the  network. 

Seventeen  cherges  w.sre  fired: 
six  1  ion.  one  1.3  ton,  and 
ten  3,  2  ton. 

All  ahota  were  fired  without  c  misfire. 

Conduct  a  aenea  of  smaller  ex¬ 
plosion*  aa  required  to  eatabltah 
onentatton  of  tha  horizontal 
aelamometera. 

No  smaller  charges  were 
fired. 

orientation. 

— 

Prepare  film  seismograms  from 
n.egnetic'tapa  recordings. 

Complete 

Film  copies  of  M  magheti.  -tepr 
recording!  were  protested. 

Studies  to  identify  enj  isolate  the  resonant 
,pst rument-noiae  problem  should  be  con¬ 
tinued. 

Add  back-up  clock  indication*  to  magnetic 
tape  along  w4*h  existing  digital-clock 
timing. 

Clean  and  repair  units  and  equipment 
as  reported. 

5? 

C  > 

1  * 

Prepare  a  seismotogical  bulletin 
containing  a  summary  of  the  eig* 
nets  and  associated  events. 

Bulletin  submitted  1  May  1967 

Analysis  of  the  data  revealed  that  89 
event!  reported  by  the  USCfcGS  were 
recorded  by  tk:  network,  and  70  ad- 
ditonal  epicenters  were  determined. 

In  addition,  200  enumed  ei lociated 
events  were  determined. 

a.  q 

Includa  in  tha  bulletin  a  detailed 
summary  of  operational  periods  and 
quality  of  data  collected  by  mdi-id- 
ual  stations  in  the  network. 

Complete 

Results  presented  in  Special  Report 

No.  1  and  bulletin. 

Modify  digital  clock  tc  provio-  release 
choices  ol  1.  2,  4,  8,  10,  20.  10.  or 

40  days  after  reset  time. 

Evaulat*  tha  performance  of  the 
ocean-bottom  seismograph*  and 
make  recommendations  foe  any 
neceaaery  modifications. 

Complete 

Unit  performance  and  recommendations 
were  reported  in  Monthly  Report  No.  6 
and  letter  Proposal  11S-SSD67. 

Meke  a  complete  analysis  of  data 
from  the  explosion  prog  ran  to  de¬ 
termine  the  seismic  velocities  In 
the  area  of  the  ocean-bottom 
network. 

All  explosion  recordings 
were  analysed  and  reported 
in  the  bulletin. 

Analysis  of  first-arrival  data  from  17 
exolosions  and  H  local  earthquakes 
indicated  an  avarage  crustal  velocity  of 

3,4  km/aec  and  a  mantle  velocity  of 

8.  1  km/aec  in  the  Kunle  region.  Lack 
of  detailed  coverage  prevented  deter¬ 
mining  veloctty  variations  in  the  region. 

A  sequence  of  cont rolled-refraction 
profiles  should  be  established  in  ihe 

Kurile  region  to  develop  traveltime 
tables  for  locating  local  epicenters. 

Develop  traveltima  tablca  for 
locating  local  epicenters. 

No  attempt  was  made  to  develop 
travcltlftie  tables. 

Determine  the  location  accuracy 
of  local  epicenters  and  the  corre¬ 
lation  between  explosion*  and 
earthquakes  located  by  the  ocean- 
bottom  network. 

No  attempt  was  made  to  establish 
confidence  Itn.tta  of  epicentre  1 
position*. 

Make  a  preliminary  evaluation  of 
possible  source  anomalies  in 
traveltimes  to  teleaenmic  station* 
from  the  Kurile  Islands  area. 

No  evaluation  of  possible  source 
anomalies  was  made. 

*  m 

e 

e 

► 

3 

< 

Make  standard  visual  noiae  mea¬ 
surements  for  film  record*  as 
well  as  spectral  measurements 
if  the  data  justify  the  additional 
proces  sing. 

Amplitude  and  period  measure¬ 
ments  ware  made  on  all  station 
recordings. 

Noiaa  levels  were  of  the  same  order  of 
magnitude  as  found  in  previous  work. 

The  levala  Increase  over  the  whole 
region  during  periods  of  adverse  weather 
(low-prasaure  disturbances). 

A  detail  evaluation  should  be  made  of 
signal  ar.J  noise  recordings  from  each 
station  with  respect  to  topography, 
water  uepth.  enn  weether. 

& 

l/J 

Correlate  noise  with  weather 
patterns  end  differences  dependent 
on  location  of  instruments  with 
respect  to  topographic  features  if 
practical. 

Partially  complete 

Correlate  epicenters  determined 
by  local  network  as  compared  to 
teleseismic  networks. 

No  attempt  wa ■  made  to  cor¬ 
relate  local-epicenter  deter¬ 
minations  with  teleaeismtc 
network. 

Kurile  epicenter  data  determined  by 
local  networi  >uid  be  correlated 

with  teleseisu  .  -twork  to  eveluate 

existing  concepts  ot  confidence- region 
date  rminetiona . 

Analyte  signal  cha racteriatlca  of 
events  In  the  Kuril*  Islands  as 
observed  by  the  ocean-bottom 
seismometers  and  their  relevance 
to  Identification  criteria. 

No  investigation  was  attempted. 

Fa  quake  snd  explosion  deta  should 
be  processed  to  identify  exact  frequency 
content,  signal  duration,  and  relative 
energy  content. 

Datermine  preliminary  models 
o|  the  crust  and  mantle  structure 
of  the  Kurile  arc  and  trench. 

General  model  of  structure  wai 
identified. 

_ 

The**  studies  were  recommended  with  the  understanding  lh4t  analyse*  would  not  proreed  without  «  one  ut  rence  ot  the  A  FTAC  Tr^jert  Officer. 
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